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(57) ABSTRACT 

A Solid-State image pickup device is provided with plural 
blocks, each comprising at least two pixels, allowing reading 
of Signals of pixel blocks at high Speed without signal loSS. 
The output signals of the blocks are connected in common, 
respectively through block buffers, thereby providing the 
maximum or minimum value of the pixels. Each block 
buffer has an input at the base of a Self-biased transistor and 
an output in an emitter follower circuit. There also are 
provided first photoelectric conversion elements for reading 
out the photoelectric conversion charges of respective pixels 
and Second photoelectric conversion elements for reading 
out the photoelectric conversion charges respectively in 
blocks, each composed of plural pixels, and the outputs of 
the Second photoelectric conversion elements are connected 
in common to a common line through maximum output 
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SOLID-STATE IMAGE PICKUP DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Solid-state image pickup 
device. 

2. Related Background Art 
With the recent remarkable progreSS in the Semiconductor 

technology, the Solid-State image pickup device represented 
by the CCD has shown significant improvement in perfor 
mance and has been applied in various products Such as 
facsimile and Scanner. In Such trend, there are emerging 
more Stringent requirements for the Solid-state image pickup 
device, not only for higher performance, Such as a higher 
Sensitivity or a higher resolving power, but also for driv 
ability with a lower voltage. As a result, in the field of CCD, 
there have appeared products drivable with a 5 V power 
Source and developments are being made to achieve driv 
ability with a lower voltage. 

Also with a higher Sensitivity, there is expected the 
application for a photodetector capable of detecting very 
weak light that has not been detectable and effecting Signal 
processing on thus detected light. 

Also as a highly advanced ability of the Solid-State image 
pickup device, there is required an ability to detect whether 
a certain light is present, and, upon detection of the light, to 
provide a detailed image output of the portion of Such light. 
An example of the conventional bipolar Solid-State image 

pickup device is shown in FIGS. 1 and 2. FIG. 1 is an 
equivalent circuit diagram of a unit pixel, which is com 
posed of an NPN bipolar phototransistor 14, a pixel 
Separating-resetting PMOS transistor 11, a base potential 
control capacitor 13, a three-value pulse Supply terminal PR, 
and a bias reset supply terminal VBR. 

FIG.2 shows a Solid-State image pickup device consisting 
of a one-dimensional array of four bipolar photoelectric 
converting elements explained above, while a three-value 
pulse from a three-pulse terminal 1 is in the LOW level state, 
a reset pulse is Supplied from a reset terminal 2 to render the 
PMOS transistors 11 conductive, whereby the NPN transis 
tors 14 are reset. When the three-value pulse from the 
three-value pulse terminal 1 is shifted to the MIDDLE level 
state, the gate-source voltage VGS of the PMOS transistors 
11-1 to 11-4 becomes lower than the threshold value Vth of 
the transistors, whereby these transistors are rendered non 
conductive and a first resetting operation is completed. 

Then, when the reset terminal 33 is shifted to the high 
level state, the NMOS transistors 22 are rendered conductive 
and the emitters of the NPN transistors 14 are reset. Sub 
Sequently the three-value pulse terminal 1 is shifted to the 
high level state, whereby the bases of the NPN transistors 14 
are shifted to the floating State through the control capaci 
tances 13, and, when the three-value terminal 1 is shifted to 
the middle level, there is initiated the accumulation of the 
photon charges by photoelectric conversion. Subsequently, 
after the lapse of a predetermined time, a transfer terminal 
32 and the three-value pulse terminal 1 are shifted to the 
high level state, whereby the NMOS transistors 23 are 
rendered conductive, and the charges accumulated in the 
bases are transferred to transfer capacitances 24 by the 
application of a high-level pulse to the reset terminal 3. Then 
a horizontal shift register 29, receiving a start pulse 30 and 
Scanning pulses 31, releases Scanning Signals for rendering 
scanning NMOS transistors 25 conductive in succession, 
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2 
whereby the charges of the accumulating capacitances 24 
are in Succession transferred to an output line 42 and 
released to an output terminal 28 after amplification in an 
amplifier 41. After each Signal output from the accumulating 
capacitance 24, a reset pulse is applied to the reset terminal 
27 whereby the remaining charge on the output line 42 is 
dissipated to the ground through an NMOS transistor 26. 
The image of a line can be released through the above 
explained operations, and the function as an area Sensor can 
be achieved by repeating the above-explained operations in 
combination with a movement of the Sensor. 

AS explained in the foregoing, the Signals of the different 
pixels are once read into the transfer capacitances C24-1 to 
C24-4 and are then serially transferred to the output terminal 
by the function of the Scanning circuit. The gain GT and the 
output voltage V0 at the transferring operation are repre 
sented by: 

GT=(CT)/(CT+CH) (i=1,2,...) (1) 

V0=(CTVii)/(CT+CH) (i=1,2,...) (2) 

wherein 

CT: capacity of transfer capacitances C24-1 to C24-4; 
CH: parasite capacitance including the capacity of the 

output line; and 
Vi: Signal Voltage retained in the transfer capacitances 

C24-1 to C24-4. 
The capacitance CH is composed of the drain capacitance 

and the gate overlapping capacitance of the Scanning tran 
sistors 25-1 to 25-4 and the resetting transistor 26, the input 
capacitance of the output amplifier and the parasite capaci 
tance of the output wiring, and is heavily dependent on the 
number of pixels and the manufacturing process. It is in the 
order of Several picofarads in case of Several hundred pixels. 
On the other hand, CT is composed of the capacitances of 
the MOS device and of junctions, and is designed in the 
order of Several picofarads in the actual integrated circuit. 

Consequently the above-mentioned transfer gain is usu 
ally in the order of 0.3 to 0.4, and a larger gain leads to an 
increased cost because of an increased chip size. Conse 
quently again of Several times is applied in the Subsequent 
Stages if a larger Signal value is required, but a Sufficient gain 
is difficult to obtain in a low-voltage drive because of the 
limited input/output dynamic range. 

Also the image taking will not be required if the bright 
neSS of the image is low and does not reach the Sensitivity 
of the pixels, but, if the image has a certain level of 
brightness, it is often required to obtain details of Such 
lighted area. The image detection with a line Sensor under 
Such condition requires the Scanning operation over the 
entire pixels, thus requiring a long time for the Scanning 
operation with a large power consumption, and, if Such 
brightness appears instantaneously, it is difficult to detect 
Such instantaneous bright area. 

Also in the configuration shown in FIG. 2, the time for 
one cycle is principally used for pixel resetting, Signal 
read-out and Serial Signal transfer, and the Significant part is 
usually used for the Serial transfer. This time becomes longer 
with the increase in the number of pixels, and, in case of an 
area Sensor with plural lines, most of the cycle time is 
occupied by the Signal transfer time. Consequently, in the 
application for a detector for detecting the presence or 
absence of an image at a high Speed, it is an important issue 
how to reduce this time. 
The present inventors have disclosed, in the Japanese 

Patent Laid-open Application No. 6-268920, that this signal 
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transfer time can be reduced by releasing a signal averaged 
over plural pixels. However, in the above-mentioned 
invention, though the Signal averaging is easy in the hori 
Zontal direction of the area Sensor, it can normally be made 
for 2 to 4 pixels in the vertical direction, as a larger 
averaging leads to an increase in the chip size. Consequently 
an inexpensive high-Speed detector has been extremely 
difficult to realize with an area Sensor. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a Solid 
State image pickup device provided with an array of plural 
blocks each of which is composed of two or more pixels, 
wherein the outputs of Said block are connected in common, 
respectively through amplifier means. 

Another object of the present invention is to provide a 
Solid-State image pickup device capable, for resolving the 
above-mentioned drawbacks, of outputting both an output 
Signal obtained by pre-processing of the Signals of the pixels 
and an output from each pixel, wherein the above-mentioned 
pre-processed output signal is output through output means 
for the Signal of each pixel. 

Still other objects of the present invention, and the fea 
tures thereof, will become fully apparent from the following 
description which is to be taken in conjunction with the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a conventional photo 
electric converting element; 

FIG. 2 is a circuit diagram of a conventional Solid-State 
image pickup device; 

FIG. 3 is a schematic block diagram of an embodiment of 
the present invention; 

FIG. 4 is a circuit diagram of an embodiment of the 
present invention; 

FIG. 5 is a timing chart of an embodiment of the present 
invention; 

FIG. 6 is a circuit diagram of a photoelectric converting 
element in an embodiment of the present invention; 

FIG. 7 is a circuit diagram of an embodiment of the 
present invention; 

FIG. 8 is a timing chart of an embodiment of the present 
invention; 

FIG. 9 is a circuit diagram of an embodiment of the 
present invention; 

FIG. 10 is a timing chart of an embodiment of the present 
invention; 

FIG. 11 is a circuit diagram of an embodiment of the 
present invention; 

FIG. 12 is a block diagram showing the working principle 
of the present invention; 

FIG. 13 is a block diagram showing another working 
principle of the present invention; 

FIG. 14 is a circuit diagram of an embodiment of the 
present invention; 

FIG. 15 is a timing chart showing the functions of the 
embodiments shown in FIGS. 14, 17 and 18; 

FIG. 16 is a timing chart showing other functions of the 
embodiments shown in FIGS. 14, 17 and 18; 

FIG. 17 is a circuit diagram of an embodiment of the 
present invention; 

FIG. 18 is a circuit diagram of an embodiment of the 
present invention; 
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4 
FIG. 19 is a circuit diagram of a block-structured embodi 

ment of the present invention; 
FIG. 20 is a circuit diagram of another block-structure 

embodiment of the present invention; and 
FIGS. 21 to 25 are circuit diagrams of still other block 

Structured embodiments of the present invention. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Now the function of the present invention will be sche 
matically explained with reference to FIG. 3, in which there 
are shown unit pixels 80 of a photoelectric converting 
element, pixel buffer means 81 for buffering pixel Signals, 
function circuits 82 Such as clamping circuits, and block 
buffer means 83 for buffering block signals. Signals from the 
pixels 80 are supplied respectively through the pixel buffers 
81 and are wire-connected among every three pixels to 
provide block Signals, which are Subjected to a Suitable 
Signal processing in the function circuits 82 and wire 
connected, after passing the block buffers 83, for all the 
blocks, whereby a Signal representing all the blockS is output 
from an output terminal 84. 
AS all the above-mentioned operations are conducted 

collectively for all the pixels or all the blocks, there only is 
required an extremely short process time with a reduced 
power consumption. Also by constituting the block buffer 
means 83 with bipolar transistors and connecting the emit 
ters thereof in common for all the blocks, the maximum 
value of the Signals of all the blockS can be read out, without 
loss to the output terminal 84. 

In the foregoing there has been explained the image 
read-out in the block form, but a higher function of the 
Solid-State image pickup device can be achieved, by reading 
out the Signals of the pixels constituting the blocks as in the 
conventional Solid-state image pickup device. More 
Specifically, the image pickup device is featured by first 
photoelectric conversion means for reading out photoelec 
trically converted charge of each pixel and Second photo 
electric conversion means for reading out photoelectrically 
converted charge of each block consisting of plural pixels, 
wherein the outputs of the above-mentioned photoelectric 
conversion means are connected, through maximum output 
means, to a common line. This configuration will be 
explained in more detail in the following embodiments. 

FIG. 4 illustrates a first embodiment of the present 
invention, composed of a one-dimensional array of four 
bipolar photoelectric conversion elements as employed in 
FIG.1. In comparison with the configuration shown in FIG. 
3, the NPN transistor 14 serving as the bipolar photoelectric 
conversion element, the base control capacitance 13 and the 
resetting PMOS transistor 11 correspond to the pixel 80. 
Also the emitter of the NPN transistor 14 corresponds to the 
pixel buffer 81, while the resetting NMOS transistor 12, the 
transfer NMOS transistor 15 and the transfer capacitance 16 
correspond to the function circuit 82, and the NPN transistor 
17 and the constant current source 18 correspond to the 
block buffer 83 Also a block is constituted by the NPN 
transistors 14-1 and 14-2, while another block is constituted 
by the NPN transistors 14-3 and 14-4. 
Now the function of the present embodiment will be 

explained with reference to a timing chart shown in FIG. 5. 
First, at a time T0, a low level pulse is applied to the 

three-value pulse terminal 1 to render the PMOS transistors 
11-1 to 11-4 conductive, whereby the base areas of the 
photoelectric conversion elements are reset to a Voltage 
given to the reset terminal 2 (first resetting). Then, at a time 
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T1, the pulse to the three-value pulse terminal 1 is shifted to 
the middle level to shift the gate-source voltage VGS of the 
PMOS transistors 11-1 to 11-4 to a value not exceeding the 
transistor threshold voltage Vith, whereby the PMOS tran 
Sistors are rendered non-conductive and the first resetting 
operation is completed. 

Then, at a time T2, a high level pulse is applied to the reset 
pulse terminal 3 to render the NMOS transistors 12-1, 12-2 
conductive, whereby the emitters of the pixel NPN transis 
tors 14 are reset to a reset Voltage (which is the ground in the 
illustrated configuration). Subsequently, at a time T3, a high 
level pulse is applied to the three-value pulse terminal 1 to 
elevate the base potential of the NPN transistors 14 by the 
capacitative coupling through the base control capacitances 
13-1 to 13-4 to generate a forward bias between the bases 
and the emitters, while the PMOS transistors 11-1 to 11-4 are 
maintained in the non-conductive state. As a result the NPN 
transistors 14 effect an emitter follower operation whereby 
the holes in the base areas in the floating State effect 
recombination and the base potentials are reset (Second 
resetting). 

After this resetting, at a time T4, the pulse to the three 
value pulse terminal 1 is lowered to the middle level, 
whereby the base potentials of the pixels are shifted to the 
negative side to generate an inverse bias between the bases 
and the emitters. At this point there is initiated the accumu 
lation of the photoelectrically converted charges in the 
bases. 

Then, at a time T5 after a predetermined accumulation 
time, a high level pulse is applied to the transfer terminal 4 
to render the NMOS transistors 15-1, 15-2 conductive, 
whereby the emitters of the NPN transistors 14 of all the 
pixels are connected to the capacitances 16-1, 16-2 and are 
at the same time reset to the ground level through the NMOS 
transistors 12-1, 12-2. At a time T6, the pulse to the reset 
pulse terminal 3 is shifted to the low level to render the 
NMOS transistors 12-1, 12-2 non-conductive. Then, at a 
time T7, a high level pulse is applied to the three-value pulse 
terminal 1 to shift the base potentials of all the pixels to the 
positive side through the capacitances 13-1 to 13-4, whereby 
a forward bias State is generated between the bases and 
emitters of the NPN transistors 14-1 to 14-4 of all the pixels. 
Thus the maximum Voltages of the Signals of the pixels 1, 2 
and the pixels 3, 4 are respectively read out into the transfer 
capacitances 16-1, 16-2. AS the transfer capacitances 16-1, 
16-2 are respectively connected to the bases of the NPN 
transistorS 17 of which emitters are connected in common to 
the output line 2, the maximum Voltage of the transfer 
capacitances 16-1, 16-2 is supplied to the output line 2. With 
the capacity CT of the transfer capacitances 16-1, 16-2, the 
parasite capacity CH of the output line 2, the current 
amplification factor hEE of the NPN transistors and the 
output voltages V1,V2 (V12 V2) of the blocks read in the 
transfer capacitances 16-1, 16-2, the voltage V0 obtained on 
the output line 2 is given by: 

since the collector current Ic of a transistor is hEE times of 
the base current Ib. Since hEE of the NPN transistors 17 is 
usually equal to or higher than 100, the parasite capacitance 
CH becomes negligible, and the Signal readout can be 
achieved with a gain almost equal to 1. 

Then, at a time T8, the pulse to the transfer terminal 4 is 
shifted to the low level state to terminate the readout 
operation, whereupon the transfer capacitances 16-1, 16-2 
are maintained in the floating State and the output Voltage 
becomes gradually lower. 
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6 
The rate of decline of the output voltage is represented by: 

IS/(hFExCB) 

wherein IS is the current of a constant current Source 18 
provided in the output Stage, and CB is the base capacitance 
of the NPN transistors 17-1, 17-2, so that the output period 
can be made longer by Selecting a Small constant current IS. 
The foregoing first embodiment employs NPN transistors 

for the block buffer means, but there may also be employed 
PNP transistors. In Such case the bases are connected to the 
function circuits while the emitters are connected in com 
mon to a power Source through a constant current Source, 
and the collectors are grounded, and the output is obtained 
from the commonly connected emitters. In this 
configuration, in contrast to the foregoing configuration, the 
minimum potential of the blockS is output. Also by inverting 
the polarity of the foregoing embodiment, for example by 
employing a PNP transistor and an NMOS transistor for 
each pixel, the charge of a pixel having the minimum charge 
among all the pixels is output. Such configuration for 
detecting the minimum pixel charge is effective for instan 
taneous detection of a dark area, generated instantaneously 
in an extremely bright field. 
AS explained in the foregoing, the configuration of the 

present invention can be advantageously utilized as a 
detector, as it enables high-Speed readout of the pixel block 
Signals without loSS. 

FIGS. 6 and 7 illustrate a second embodiment of the 
present invention, wherein components equivalent to those 
in FIG. 4 are represented by same numbers and will not be 
explained further. The present embodiment is an improve 
ment on the first embodiment, and is capable of both the 
block signal readout of the first embodiment and the readout 
of the Signals of all the pixels. The photoelectric conversion 
element employed in the present embodiment is composed, 
as shown in FIG. 6, of an NPN transistor 21 with two 
emitters, a PMOS transistor 11 and capacitance means 13, 
wherein one of the two emitters is connected with those of 
other photoelectric conversion elements to constitute a pixel 
block, thereby outputting the maximum voltage among the 
pixels constituting the block. And another emitter is con 
nected with a readout circuit as explained in conventional 
configuration. So that, it is a combination of the conven 
tional configuration shown in FIG. 2 and the first embodi 
ment shown in FIG. 4. 
The function of the present embodiment will be briefly 

explained with reference to a timing chart shown in FIG.8. 
At first, at a time T0, a low level pulse is applied to the 

three-value pulse terminal 1 to effect first resetting of the 
pixels, and, at a time T1, a middle level pulse is applied to 
the three-value pulse terminal 1 to render the PMOS tran 
sistors 11 non-conductive. Then, at a time T2, high level 
pulses are applied to the reset terminal 3 and the terminal 33 
to reset the two emitters of the NPN transistor 21 of each 
pixel to a reset potential (ground in the illustrated 
configuration). At a Subsequent time T3, a high level pulse 
is applied to the three-value pulse terminal 1 to effect Second 
resetting through the NMOS transistors 12, 22. At a time T4, 
the pulse to the three-value pulse terminal 1 is lowered to the 
middle level to terminate the resetting operation and to 
initiate the accumulation of the photoelectrically converted 
charges in the bases of the NPN transistors 21. 

Then, at a time T5 after a predetermined accumulation 
time, high level pulses are applied to the transfer terminals 
32, 4 to render the NMOS transistors 23-1 to 23-4 and 15-1, 
15-2 conductive whereby the first emitters of the pixels are 
connected to the capacitances 24-1 to 24-4 while the Second 
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emitters are connected to the capacitances 16-1, 16-2, So that 
the emitters and the capacitances of the pixels are reset to the 
ground level through the NMOS transistors 12, 22. Then, at 
a time T7, a high level pulse is applied to the three-value 
pulse terminal 1 to transfer the Signals of the pixels respec 
tively to the capacitances 24-1 to 24-4 and the highest 
Voltages of the pixels 1, 2 and of the pixels 3, 4 respectively 
to the capacitances 16-1, 16-2 whereby the highest Voltage 
of the capacitances 16-1, 16-2 is Supplied to the output line 
2. Subsequently, at a time T8, the pulses at the transfer 
terminals 32, 4 are shifted to the low level whereby the 
readout operation is terminated. 

Then, at a time T9, the pulse to the three-value pulse 
terminal 1 is shifted down to the low level, and, at a time 
T10, a high level pulse is applied to the reset terminal 27 to 
reset the output line 42. Then, a start pulse 30 and Scanning 
pulses 31 are Supplied to the Scanning circuit 29 respectively 
at times T11 and T12 whereby the signals of the pixels are 
time-Sequentially read out to the output terminal 28, in 
Synchronization with clock Signals. 

In the present embodiment, the Signal of the blockS is read 
before the readout of the Signal of each pixel, but the 
following drive is also possible for example in the applica 
tion for a detector. The operations of the device can be 
Significantly simplified by at first reading the block signal, 
then discriminating whether the block signal is larger (or 
Smaller) than a predetermined value, and, if larger (or 
Smaller), reading the Signals of every pixels, but, if Smaller 
(or larger), terminating the each Signal readout from the 
pixels because the Signal level of the pixels is too low. In this 
manner it is possible to reduce the process time and to 
Significantly reduce the power consumption. 

FIG. 9 shows a third embodiment of the present invention, 
wherein components equivalent to those in FIG. 4 are 
represented by Same numbers and will not be explained 
further. In addition to the Second embodiment, the present 
embodiment is provided, Serially to the Vertical output lines, 
with capacitance means 38-1 to 38-4 and capacitance means 
36-1, 36-2 to effect clamping operations for the Signals, 
thereby eliminating FPN (fixed pattern noise) and random 
noises, and also eliminating external light components other 
than the reflected light, in case of irradiating an object with 
light from a light Source Such as an LED and taking the 
reflected light. Such functions will be briefly explained in 
the following with reference to a timing chart shown in FIG. 
10. 
At first, in a period from a time T0 to T7, there are 

executed first and Second resetting of the pixels, a first 
accumulating operation and a signal readout operation. Then 
at the time T7 immediately before the end of the readout 
operation, pulses at the reset terminals 34, 35 are shifted 
down. Then, at a time T11, high level pulses are Supplied to 
the reset terminals 3, 33 to reset the emitters of the pixels, 
whereby retaining transfer capacitances 24-1 to 24-4 and 
transfer capacitances 32-1, 32-2 are shifted to the negative 
Side by the read signals, through the coupling capacitances 
38-1 to 38-4 and the coupling capacitances 36-1, 36-2. 
Subsequently, in a period from a time T12 to T15, there are 
executed first and Second resetting of the pixels and a Second 
accumulating operation, and a readout operation is executed 
at the time T15, whereupon difference signals from the 
Signals read in the first accumulating operation are Supplied 
to the transfer capacitances 24-1 to 24-4 and 16-1, 16-2. 
After the time T15, the maximum value of the pixel blocks 
is Supplied to the output terminal 5, and, on the other hand, 
the scanning circuit 29 is driven after a time T19 to time 
Sequentially output the Signals of every pixels from the 
output terminal 28. 
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AS an output corresponding to the dark Signal can be 

obtained by Selecting an extremely short accumulation time 
for the first accumulation, so that FPN (fixed pattern noise), 
which is a drawback of the amplifying Solid-State image 
pickup device, can be eliminated by obtaining the difference 
between the above-mentioned output and the Second output. 
Also by Selecting a same accumulation time for the first and 
Second accumulations and irradiating the object with the 
light from the light Source Such as an LED during the Second 
accumulation time, the reflected image of the object can be 
precisely read out even in a bright indoor situation, and Such 
ability is Suitable particularly for a detector. 
Also in the present embodiment, it is possible to reduce 

the Signal readout time and the power consumption by 
detecting the pixel block signal and reading the individual 
pixel Signals only when necessary, as already explained in 
the Second embodiment. Also in the present embodiment, 
the block Signals and the individual pixel Signals are also 
output through the clamping circuits, but Such clamping 
circuits may naturally be dispensed with. 

FIG. 11 shows a fourth embodiment of the present 
invention, wherein components equivalent to those in FIG. 
4 are represented by Same numbers and will not be explained 
further. In comparison with the third embodiment, the 
present embodiment provides an area Sensor consisting of a 
two-dimensional array of the photoelectric conversion ele 
mentS. 

In FIG. 11, each block is composed of two pixels in the 
Vertical direction and two pixels in the horizontal direction, 
and the outputs of the blocks are transferred to transfer 
capacitances 24-1 to 24-4, while the pixel Signals are driven 
by the output of a vertical shift register. The present 
embodiment, providing a larger image pickup area than in 
the third embodiment, can achieve more precise detecting 
operation. 

Referring to FIG. 11, in response to a start pulse 50 and 
Vertical Scanning pulses 51, a vertical Scanning shift register 
43 sends horizontal Scanning pulses in Succession to hori 
Zontal lines, thereby controlling Switches 44-1 to 44-4 
including inverters. The three-value pulse entered from the 
three-value pulse terminal 1 is turned on and off by the 
Switches 44 to at first activate the pixels of the 1st and 2nd 
horizontal scanning lines, composed of the NPN transistors 
21-11 to 21-14 and 21-21 to 21-24, whereby the signals of 
these pixels are transferred to the transfer capacitances 24-1 
to 24-4 and are output in Succession to the output terminal 
28 through the output line 42. On the other hand, in the block 
unit, the charges obtained from the NPN transistors 21-11, 
21-12, 21-21 and 21-22 are transferred to a coupling capaci 
tance 36-2 while those obtained from the NPN transistors 
21-13, 21-14, 21-23 and 21-24 are transferred to a coupling 
capacitance 36-4 and then transferred to transfer capaci 
tances 16-2, 16-4, whereby a Voltage corresponding to the 
maximum charge in the blocks are obtained at the output 
terminal 5. 

In the present embodiment, each block is composed of 
2x2 pixels, but there may employed a larger number of 
pixels for constituting a block. In comparison with conven 
tional readout of each pixel, a larger number of pixels 
improves the S/N ratio of the output at the output terminal 
5 and enables image readout at a higher Speed, thereby 
enabling image pickup with a higher precision, in combi 
nation with the readout of the pixel Signals. 

In the foregoing embodiments, the Signal of each block is 
detected with a peak signal, obtained from NPN transistors, 
but it is also possible to detect a bottom signal with PNP 
transistors, and both may be employed in combination for 
achieving finer detection. 
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The foregoing embodiments have all been constructed 
with bipolar photoelectric conversion elements, but similar 
effects can be obtained also with XY-addressable photoelec 
tric conversion elements Such as CMD, AMI or FGA. 
AS explained in the foregoing, the 1st to 4th embodiments 

have the following technological advantages. 
Enabling high-Speed readout of the pixel block signal 

without loSS, are advantageously applicable to detectors. It is 
also possible to Significantly simplify the operation, in 
certain applications Such as for detector, to at first read out 
the block signal, then to discriminate whether Such block 
Signal is larger (or Smaller) than a predetermined value, and, 
if it is larger (or Smaller), to read out the pixel signals in 
Succession, but, if it is Smaller (or larger), to terminate the 
Signal readout as the level of the pixel Signals is too low. In 
this manner it is rendered possible to reduce the process time 
and the power consumption. Also, in the utilization of the 
block signal, there can be obtained an output corresponding 
to a dark area by Selecting a very short first accumulation 
time, and the FPN (fixed pattern noise), which is a drawback 
of the amplifying Solid-State image pickup device, can be 
eliminated by obtaining the difference between the above 
mentioned output and the Second output. Also by Selecting 
a same accumulation time for the first and Second accumu 
lating operations and irradiating the object with the light 
from a light Source Such as an LED in the course of the 
Second accumulating time, the reflected image of the object 
can be read out in highly precise manner even in a bright 
indoor situation. Such function can be advantageously uti 
lized particularly in a detector. 

In the following the function and effect of a 5th embodi 
ment will be briefly explained with reference to FIG. 12, 
wherein shown are unit pixels 51-1 to 51-8; transfer means 
50-1 to 50-8 for retaining the pixel signals of the unit pixels 
51-1 to 51-8 in accumulating capacitances and then serially 
outputting the pixel Signals to an output line 55; pre-proceSS 
means 52-1 to 52-8 connected to the unit pixels 51-1 to 51-8 
for effecting a pre-process; buffer means 53-1 to 53-8 for 
buffering the Signals from the pro-process means, and 
Switching means 54-1 to 54-8 connecting the transfer means 
50-1 to 50-8 with the buffer means 53-1 to 53-8. The buffer 
means 53-1 to 53-8 may be dispensed with if unnecessary. 

In the present embodiment, the Signals of the unit pixels 
51-1 to 51-8 are transferred to the transfer means 50-1 to 
50-8 for retaining the Signal of each pixel, and are output to 
a terminal 57 through an output line 55 and an output circuit 
56. Also they are Subjected to a Suitable pre-processing in 
the pre-process means 52-1 to 52-8, then transferred to the 
transfer means 50-1 to 50-8 through the buffer means 53-1 
to 53-8, and released to the terminal 57. Naturally the 
unprocessed signals and the pre-processed signals have to be 
released in different periods. It is also possible to form the 
unprocessed Signals and the pre-processed signals into 
blocks in the transfer means 50-1 to 50-8 and to output these 
Signals by Serial transfer after mixing thereof. 

The transfer means 50-1 to 50-8 can be realized, for 
example, by the accumulating capacitances 24-1 to 24-4, the 
Switch means 25-1 to 25-4 and the scanning circuit 29 shown 
in FIG. 2, and the pre-process circuit can be composed of an 
FPN (fixed pattern noise) elimination circuit utilizing a 
clamping circuit to be explained later. 

Also in a configuration shown in FIG. 13, in which 
components Same as those in FIG. 12 are represented by 
Same numbers, the Signals pro-processed in the pre-proceSS 
means 52-1 to 52-8 are buffered by the buffer means 53-1 to 
53-8, and plural columns are formed into a block, of which 
Signal is transferred to retain/transfer means. This configu 
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10 
ration allows to reduce the amount of pixel Signals and to 
Significantly reduce the cycle time, and the retain/transfer 
circuits and the output circuit can be used in common for the 
unprocessed Signals, So that a major increase in the chip size 
is not required. It is therefore possible to provide a high 
Speed and inexpensive Solid-State image pickup device of a 
low power consumption by normally reading out the block 
Signal and effecting the detecting operation based on this 
block signal, and reading out the Signals of every pixels only 
when necessary. Such function will be explained in detail in 
the following embodiment. 

FIG. 14 shows a 6th embodiment of the present invention, 
employing four bipolar photoelectric conversion elements 
shown in FIG. 1, arranged in a linear array. In FIG. 14, 
components equivalent to those in FIG. 2 are represented by 
Same numbers. In addition, the present embodiment is 
provided, as explained in the foregoing embodiment shown 
in FIG. 12, with pre-processing means composed of cou 
pling capacitances 105-1 to 105-4 and NMOS transistors 
106-1 to 106-4; buffer means composed of buffer capaci 
tances 107-1 to 107-4 and NMOS transistors 109-1 to 109-4; 
and Switch means composed of NMOS transistors 116-1 to 
116-4. 

In the following, the function of the present embodiment 
will be explained with reference to a timing chart shown in 
FIG. 15. At first high level pulses are supplied to terminals 
205, 204 and 207 to render the NMOS transistors 109-1 to 
109-4, 106-1 to 106-4 and 111-1 to 111-4 conductive. 
At a time T0, a low level pulse is supplied to a terminal 

201 to render the PMOS transistors 101-1 to 101-4 conduc 
tive whereby the base areas of the photoelectric conversion 
elements are reset to a Voltage given to a terminal 202 (first 
resetting). Then the pulse to the terminal 201 is shifted to the 
middle level to reduce the gate-source voltage VGS of the 
PMOS transistors 101-1 to 101-4 to a value not exceeding 
the threshold value Vth thereof, whereby these PMOS 
transistors are rendered non-conductive and the first reset 
ting operation is completed. 

Then, at a time T1, a high level pulse is applied to a 
terminal 206 to render the NMOS transistors 110-1 to 110-4 
conductive, whereby the emitter of the NPN transistors of 
the pixels is reset to a reset potential (ground in the illus 
trated configuration). 

Then, at a time T2, a high level pulse is applied to the 
terminal 201 to elevate the base potential of the NPN 
transistors by the capacitative coupling through the capaci 
tances 102-1 to 102-4 thereby generating a forward bias 
between the bases and the emitters, while the PMOS tran 
sistors 101-1 to 101-4 are retained in the non-conductive 
state, whereby the NPN transistors 103-1 to 103-4effect an 
emitter follower operation. As a result the holes on the base 
areas in the floating State effect photorecombination and the 
base potential is reset (Second resetting operation). 
At a time T3 after this resetting operation, the pulse to the 

terminal 201 is shifted down to the middle level to shift the 
base potentials of the pixels to the negative side, whereby an 
inverse bias State is generated between the bases and the 
emitters and an accumulating operation is thereby initiated 
(first accumulating operation). 
At a time T4 after a predetermined accumulation time, the 

pulse to the terminal 206 is shifted down to the low level 
State to render the NMOS transistors 110-1 to 110-4 non 
conductive, whereby the emitters of the pixel transistors 
103-1 to 103-4 and the capacitances 112-1 to 112-4 are 
shifted to a floating State. 

Then, at a time T5, a high level pulse is applied to a 
terminal 201 to shift the base potentials of the pixels to the 
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positive side through the capacitances 102-1 to 102-4, 
thereby generating a forward bias between the bases and 
emitters of the NPN transistors 103-1 to 103-4 of the pixels. 
Consequently the Signals obtained by photoelectric conver 
Sion in the respective pixels and accumulated in the base 
areas are respectively transferred to the accumulation 
capacitances 112-1 to 112-4 and the coupling capacitances 
105-1 to 105-4. 

Then, at a time T6 immediately before the completion of 
the readout operation, the pulse to the terminal 205 is shifted 
down to render the NMOS transistors 109-1 to 109-4 
non-conductive. 

Subsequently, at a time T7, the pulse to the terminal 201 
is shifted down to turn off the NPN transistors 103-1 to 
103-4 through the capacitances 102-1 to 102-4 whereby the 
readout operation is terminated. 

Then, at a time T8, a high level pulse is again applied to 
the terminal 206 to reset the emitters of the pixel NPN 
transistors 103-1 to 103-4 to the reset potential (ground in 
the illustrated configuration), whereby the Voltages of the 
buffer capacitances 107-1 to 107-4 are shifted to the negative 
Side by the capacitative coupling of the coupling capaci 
tances 105-1 to 105-4. There stands the following relation 
ship between the Signal V transferred to the coupling 
capacitances 105-1 to 105-4 and the signal V' after the 
above-mentioned negative shifting: 

wherein 

C.: capacity of the coupling capacitances 105-1 to 105-4; 
C. capacity of the buffer capacitances 107-1 to 107-4; 

and 
Cs: parasite capacity including the gate capacitance of the 
NMOS transistors 106-1 to 106-4. 

As the NMOS transistors 110-1 to 110-4 are turned on, the 
signals transferred to the NMOS transistors 112-1 to 112-4 
are also reset. 

Then, in a period from a time T9 to T14, there are 
conducted operations similar to those in the period from T0 
to T4, except that the NMOS transistors 109-1 to 109-4 are 
turned off, whereby the photoelectric conversion elements 
are reset and the photocarriers are accumulated (second 
accumulating operation). Then, at a time T14, there is 
executed a signal readout operation to provide Signal 
Voltages, added to the Voltages obtained according to the 
equation (4). As a result, difference signals between the 
photoelectric conversion Signals obtained in the first accu 
mulation time and those obtained in the Second accumula 
tion time are retained in the buffer capacitances 107-1 to 
107-4. 

Then, at a time T16, a high level pulse is applied to the 
terminal 206 to reset the accumulation capacitances 112-1 to 
112-4 again, and, at a time T17, a high level pulse is applied 
to a terminal 213 to render the NMOS transistors 116-1 to 
116-4 conductive, whereby the signals in the buffer capaci 
tances 107-1 to 107-4 are transferred to the accumulation 
capacitances 112-1 to 112-4. 

Then at a time T18, the terminals 204, 207 are shifted to 
the low level State to turn off the NMOS transistors 106-1 to 
106-4 and 111-1 to 111-4, whereby the NMOS transistors 
116-1 to 116-4 are rendered non-conductive. 

Then, starting from a time T19, a scanning circuit 130 is 
activated with the resetting of an output line 140, thereby 
Serially transferring the Signals of the accumulation capaci 
tances 112-1 to 112-4 to an output terminal 211, and the 
operations of a Series are thus completed. It is also possible 
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12 
to eliminate the FPN (fixed pattern noise) in these 
operations, by Selecting a very short first accumulation time 
to obtain a signal corresponding to the dark area, and 
calculating the difference of the above-mentioned signal and 
the Signal obtained in the Second accumulation. 

In the arrangement shown in FIG. 14, the pulses to be 
applied to the respective terminals are Supplied from a pulse 
output circuit 1000. 

Also by Selecting a Same accumulation time in the first 
and Second accumulating operations and irradiating the 
object with the light from a light Source Such as an LED in 
the course of the Second accumulation time, there can be 
eliminated the component of the external light even in an 
outdoor Situation, whereby an exact object detection can be 
achieved. 

In the foregoing there has been explained the output of the 
pre-processed signals, but the unprocessed signals may also 
be obtained according to a timing chart shown in FIG. 16. 
The operations shown in FIG. 16, corresponding to a partial 
modification of those in FIG. 15, effect two accumulations 
while maintaining the terminal 213 at the low level state 
even at the time T17 to finally provide the signals obtained 
in the second accumulation, so that the period from T0 to T9 
may be totally dispensed with. 

In FIG. 16, the terminal 213 is always maintained at the 
low level state, whereby the NMOS transistors 115-1 to 
115-4 are always in the non-conductive State. Consequently 
the calculation in the clamping circuits does not at all affect 
the accumulation capacitances 112-1 to 112-4, So that, in the 
readout operation, the pixel Signals are directly read out to 
the accumulation capacitances 112-1 to 112-4 as in the 
conventional configuration, and they are not reset but are 
Serially output by the Scanning circuit 130. Such direct 
readout of the Sensor Signals is effective for improving the 
detecting Sensitivity, for example in case of detecting an 
object of relatively low luminance, as in an indoor Situation, 
Since the clamping proceSS reduces the output as represented 
by the equation (4). 

In the configuration shown in FIG. 14, the pre-processing 
circuit is composed of a difference calculating circuit uti 
lizing a clamping circuit, but it is also possible, as shown in 
FIG. 17, to effect Signal averaging among the adjacent pixels 
as the pre-processing, by providing retaining capacitances 
118-1 to 118-8, grouped by two and connected respectively 
to the vertical output lines through switch means 117-1 to 
117-4, also providing Switch means for connecting the 
retaining capacitances between the adjacent pixels and con 
necting the outputs of these Switch means to the emitters of 
the NPN transistors 103-1 to 103-4 through transfer switches 
116-1 to 116-4. 

In the arrangement shown in FIG. 17, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 

It is also possible to Serially read the Signals of different 
accumulation periods, as shown in FIG. 18, into the capaci 
tances 112-1 to 112-4 and 135-1 to 135-4. Specifically, at 
first, the Signals of an accumulation period is read into the 
capacitances 112-1 to 112-4 and the Signals of another 
accumulation period is read into the capacitances 135-1 to 
135-4. After the signals retained in the capacitances 112-1 to 
112-4 are serially read out the output line 140, the signals in 
the capacitances 135-1 to 135-4 are transferred to the to 
capacitances 112-1 to 112-4 and output to the line 140 in the 
Same manner. Also by arranging the pixels in a two 
dimensional array in the present embodiment, it is rendered 
possible to retain the maximum Signals of the pixels in the 
respective vertical columns in the capacitances 135-1 to 
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135-4 and to output these signals at a timing different from 
that of output of the pixel Signals. 

In the arrangement shown in FIG. 18, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 

Also the pre-processing circuit may be composed of a 
calculation circuit utilizing an operational amplifier. 

FIG. 19 shows a 7th embodiment of the present invention, 
wherein components equivalent to those in FIGS. 1 to 18 are 
represented by Same numbers and will not be explained 
further. The photoelectric conversion element employed in 
the present embodiment is similar to that shown in FIG. 6. 
One of the two emitters is connected in common among the 
pixels constituting a pixel block, whereby the maximum 
Voltage of the pixels constituting the block is accumulated in 
either of the buffer capacitances 107-1, 107-2. Such maxi 
mum Voltages are transferred to the accumulation capaci 
tances 112-1, 112-3 and output from the terminal 211 
through the function of the scanning circuit 130. 

In the arrangement shown in FIG. 19, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 

The driving method of the present embodiment is similar 
to that explained in FIG. 15 or 16, whereby the terminal 203 
is driven simultaneously with the terminal 206 to effect 
resetting and accumulation. Consequently, the output of 
each block representing the highest output level within the 
block, is read out, and the detecting operation is executed by 
this output in the ordinary State. It is also possible, based on 
the result of Such detecting operation, to read out the Signals 
of every pixels if necessary. AS there is obtained the output 
of the pixel of highest output level among the plural pixels 
within the block, there can be achieved an improvement in 
the detecting precision and a significant reduction in the 
amount of Signals, leading to a reduced cycle time and a 
reduction in the power consumption. 

FIG. 20 shows an 8th embodiment of the present 
invention, wherein components equivalent to those in FIGS. 
1 to 19 are represented by same numbers and will not be 
explained further. The present embodiment, corresponding 
to an improvement on the 7th embodiment, is provided the 
buffer capacitances 107-1, 107-2 at the output of the clamp 
ing circuits, with NPN transistors 108-1, 108-2 of which 
emitters are connected in common and further connected to 
a constant current Source 115 and an output terminal 212. 

In the arrangement shown in FIG. 20, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 

In the present embodiment, after the clamping operation, 
the maximum value of the signals transferred to the buffer 
capacitances 107-1, 107-2 is immediately output to the 
terminal 212 without the function of the Scanning circuit 
130, So that the cycle time and the power consumption can 
be further reduced in comparison with the 7th embodiment. 
Instead of the NPN transistors employed in the present 
embodiment, there may be employed PNP transistors in 
emitter follower circuits to provide the minimum value of 
the block signals at the terminal 212. Consequently the 
present embodiment can achieve a function of detecting 
whether the Signal is higher (or lower) than a predetermined 
level and then reading out the Signals of the blocks or pixels 
based on the result of Such detection according to the need 
So that the photoelectrically converted output can be 
obtained, matching the intention of photoelectric conver 
SO. 

Also in FIG. 20, the buffer capacitances 107-1, 107-2 are 
reset to the ground potential by the NMOS transistors 109-1 
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and 109-2, but it is more effective for reading out small 
output voltages, as shown in FIG. 21, by providing a reset 
power Source terminal 231 in order to generate a Sufficient 
forward bias voltage between the bases and the emitters of 
the NPN transistors 108-1, 108-2. 

In the arrangement shown in FIG. 21, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 

Also in the configuration shown in FIG. 20, the signals of 
the buffer capacitances 107-1, 107-2 are read out by the 
emitter follower circuits utilizing the constant current Source 
115, So that the Signal Voltage of the buffer capacitance 
declines, during a readout time TR, by: 

wherein B is the current amplification factor of the NPN 
transistors 108-1, 108-2, I0 is the current of the constant 
current source 115, and CB is the capacity of the buffer 
capacitance. Such loSS in the Signal Voltage can be reduced 
to: 

by employing Darlington emitter follower circuits as shown 
in FIG. 22, and can be brought to practically Zero, by 
selecting a current amplification factor B of ca. 1000, an IO 
of Several microamperes and a CB value of Several picofar 
ads. 

In the arrangement shown in FIG.22, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 
FIG.23 shows a 9th embodiment of the present invention, 

wherein components equivalent to those in FIGS. 1 to 22 are 
represented by Same numbers and will not be explained 
further. In the 6th to 8th embodiments, the buffer capaci 
tances 107-1 to 107-4 and the accumulation capacitances 
112-1 to 112-4 are connected through the Switches 116-1 to 
116-4, So that the transfer gain, represented by: 

is in the order of 0.3 to 0.4, wherein: 
C. capacity of the buffer capacitances 107-1 to 107-4; 
C. capacity of the accumulation capacitances 112-1 to 

112-4, 
Cs: parasite capacity between the buffer capacitances 

107-1 to 107-4 including the gate capacitances of the 
NMOS transistors 116-1 to 116-4 and the accumulation 
capacitances 112-1 to 112-4. 

In the present embodiment, the buffer capacitances 107-1, 
107-2 are provided with emitter follower circuits utilizing 
NPN transistors 108-1, 108-2 and the outputs thereof are 
connected to the accumulation capacitances 112-1, 112-3 
through the Switches 116-1, 116-2. Consequently, as regard 
less of the capacity of the parasite capacitance Cs the 
Signals can be transferred to the accumulation capacitances 
112-1 to 112-4 almost without loss. Such configuration is 
effective in case the Signals from the Sensors are Small. 

In the arrangement shown in FIG. 23, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 

FIG. 24 shows a 10th embodiment of the present 
invention, wherein components equivalent to those in FIGS. 
1 to 23 are represented by same numbers and will not be 
explained further. The present embodiment corresponds to a 
combination of the 8th and 9th embodiments, wherein the 
emitters of the NPN transistors 108-1, 108-2 of the 9th 
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embodiment are connected by an NMOS transistor 117 to 
provide the maximum block output from the terminal 212. 
As explained in the 8th embodiment, the carriers of the 
buffer capacitance 107-2 can be immediately obtained as the 
maximum block output, and the carriers of the buffer capaci 
tance 108-1 can also be obtained by the Subsequent appli 
cation of a high level pulse to the terminal 214. In this 
manner the block outputs can be read out without loSS. 

In the arrangement shown in FIG. 24, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 

FIG. 25 shows an 11th embodiment of the present 
invention, wherein components equivalent to those in FIGS. 
1 to 24 are represented by same numbers and will not be 
explained further. The present embodiment, corresponding 
to a modification of the 10th embodiment, provides a 
two-dimensional array of the photoelectric conversion 
elements, wherein a block is formed by two pixels in the 
Vertical direction and two pixels in the horizontal direction. 
FIG. 25 shows a 4x4 area sensor with 2x2 blocks, of which 
outputs are transferred through clamping circuits to the 
capacitances 107-1 to 107-4, while the pixel signals are 
transferred to the accumulation capacitances 112-1 to 112-4 
driven by a vertical shift register 131. Time-sequential 
three-level pulses are applied from a terminal 101 to control 
the timing of resetting and accumulation of the pixels. The 
Vertical shift register 131, receiving clock Signals and timing 
Signals from terminals 215, 216, releases pulses signals in 
Succession, thereby Scanning the pixels by turning on and off 
the Switches. In response to these Scanning Signals and the 
pulses Supplied from various terminals, the photocarrier 
output signals accumulated in the bases of the NPN tran 
sistors 103-1 to 103-16, each having two emitters and 
constituting the pixels, are transferred to the accumulation 
capacitances 112-1 to 112-4 and also, in a blockwise 
operation, to the buffer capacitances 107-1 to 107-4 through 
the coupling capacitances 105-1 to 105-4. 

Thus, in response to a high level pulse to the terminal 206, 
the accumulation capacitances 112-1 to 112-4 are reset and 
the maximum block charges in the buffer capacitances 107-1 
to 107-4 are transferred through the Switch means 116-1 to 
116-4 and output in Succession from the terminal 211. 

Also in response to a pulse applied to the terminal 214, 
there can be obtained, from the terminal 212, an output 
corresponding to the maximum among all the 16 pixels. 

In the arrangement shown in FIG. 25, pulses to be applied 
to the respective terminals are Supplied from a pulse output 
circuit 1000. 

The present embodiment can provide a wider image 
pickup area than in the 10th embodiment, by the addition of 
the photoelectric conversion pixels and the Vertical Scanning 
circuit, thereby enabling more precise detection with a 
higher Sensitivity. Also the average value of the vertical 
pixels can be obtained without additional cycle time, by 
forming each vertical column of the present embodiment 
into a block and accumulating the average of the pixel 
Signals in a buffer capacitance. 

In the foregoing embodiment, the block signals are 
detected by the peak signals utilizing the NPN transistors 
108-1, 108-2, but there may also be employed PNP transis 
tors for detecting bottom Signals. Also these two configu 
rations may both be employed for achieving finer detection, 
according to the purpose of the photoelectric conversion 
device. 

Also the foregoing embodiments have been constructed 
with the bipolar photoelectric conversion elements, but 
similar effects can also be obtained with other photoelectric 
conversion elements such as CMOS, CMD, AMI or FGA. 
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AS explained in the foregoing, the device of the present 

invention, capable of releasing both an output signal 
obtained by pre-processing of the pixel Signals and output 
Signals of every pixels, can reduce the Serial transfer time by 
Such pre-processed Signal output, in addition to the Signal 
output in the conventional Scanning operation. Also the 
presence or absence of the image can be speedily detected, 
without extension of the cycle time by the addition of the 
Signal transfer time, even in case with a large number of 
pixels or in case of an area Sensor with plural rows and 
columns. 

Also the fixed pattern noise can be effectively eliminated 
by the clamping circuits constituting the pre-processing 
circuits. 

Also the block formation of plural columns allows to 
reduce the amount of pixel Signals and the cycle time, and 
the retain/transfer circuits and the output circuit can be used 
in common for the unprocessed signals. Thus there can be 
provided a high-Speed and inexpensive Solid-State image 
pickup device of a low power consumption without a major 
increase in the chip size. 
What is claimed is: 
1. A Solid-State image pickup device on a chip, compris 

ing: 
a plurality of photoelectric conversion pixels, each for 

converting optical Signals into electrical Signals, 
a plurality of readout units adapted to read out the electric 

Signal from each of Said plurality of photoelectric 
conversion pixels to a common output line; 

pre-process circuitry adapted to pre-process Signals from 
Said plurality of photoelectric conversion pixels; 

a first path for outputting the electric Signal output from 
each of Said plurality of photoelectric conversion pixels 
to one or more readout units through said pre-process 
circuitry; and 

a Second path arranged in parallel with Said first path, for 
outputting the electrical Signal from each of Said plu 
rality of photoelectric conversion pixels to Said one or 
more readout units but not through Said pre-process 
circuitry, 

wherein the electrical Signal output from Said first path 
and the electrical signal output from Said Second path 
are each Selectively read out to Said common output 
line through a common one of Said readout units. 

2. A Solid State image pickup device according to claim 1, 
wherein Said pre-process circuitry comprises a clamping 
circuit. 

3. A device according to claim 1, further comprising a 
buffer unit that receives an output of Said pre-proceSS 
circuitry. 

4. A Solid-State image pickup device according to claim 3, 
wherein Said buffer unit includes a buffer capacitance. 

5. A device according to claim 1, further comprising a 
Switch control unit including a Switch that connects an 
output portion of Said pre-process circuitry to an output 
portion of each photoelectric conversion pixel. 

6. A device according to claim 5, further comprising a 
transfer unit adapted to accumulate the output of each 
photoelectric conversion pixel and the output of Said pre 
process circuitry. 

7. A Solid-State image pickup device according to claim 6, 
wherein Said Switch is turned on after an electrical Signal 
accumulated in Said transfer unit is dissipated. 

8. A Solid-State image pickup device provided with plural 
photoelectric conversion pixels for converting optical Sig 
nals into electrical Signals, and a transfer unit that outputs 
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the electrical Signals from Said photoelectric conversion 
pixels, comprising: 

pre-process circuitry adapted to pre-process the electrical 
Signals from Said photoelectric conversion pixels; 

a buffer including a plurality of elements adapted to 
transfer the output of Said pre-process unit to a next 
Stage, and 

a Switch that transfers the output of said buffer to said 
transfer unit, 

wherein said Switch is turned on for a block of a plurality 
of Said buffer elements. 

9. A Solid-State image pickup device provided with a 
photoelectric conversion unit including a photoelectric con 
version element for converting an optical Signal into an 
electrical Signal, a transfer unit with an accumulation capaci 
tance for transferring Said electrical Signal, and a Scanning 
unit adapted to output the charge of Said accumulation 
capacitance to an output line, comprising: 

pre-process circuitry with a coupling capacitance for 
temporarily Storing Said electrical Signal; 

a buffer provided with a buffer capacitance for receiving 
the charge of Said coupling capacitance; and 

a Switch that transferS the charge of Said buffer capaci 
tance to Said accumulation capacitance. 

10. A Solid-state image pickup device according to claim 
9, wherein Said photoelectric conversion element includes 
an NPN transistor having two emitters, one of which is 
connected to an end of Said Switch and to Said transfer unit, 
while the other of which is connected to Said pre-proceSS 
circuitry. 

11. A Solid-state image pickup device according to claim 
9, further comprising a buffer output element for outputting 
the charge of said buffer capacitance. 

12. A Solid-state image pickup device according to claim 
11, wherein said buffer output element is adapted to the 
charge of Said buffer capacitance obtained in a block com 
posed of plural photoelectric conversion pixels, in Super 
posed manner for plural blockS. 

13. An image pickup method for a Solid-State image 
pickup device provided with a photoelectric conversion unit 
including a photoelectric conversion element for converting 
an optical Signal into an electrical Signal, a transfer unit 
provided with an accumulation capacitance for transferring 
Said electrical Signal, and a Scanning unit adapted to output 
the charge of Said accumulation capacitance to an output 
line, comprising Steps of 

accumulating the charge of Said electrical signal tempo 
rarily in a coupling capacitance; 

transferring the charge of Said coupling capacitance to a 
buffer capacitance; 

dissipating the charge of Said accumulation capacitance; 
and 

transferring the charge of Said buffer capacitance to Said 
accumulation capacitance. 

14. A Solid-State image pickup device on a chip, compris 
ing: 

a plurality of photoelectric conversion pixels, each for 
converting an optical Signal into an electrical Signal; 

a plurality of read-out units adapted to read out the electric 
Signal from each of Said plurality of photoelectric 
conversion pixels to a common output line; 

an operation unit adapted to perform an operation involv 
ing a difference between two signals, 

a first path for outputting the electrical signal output from 
each of Said plurality of photoelectric conversion pixels 
to Said read-out units through Said operation unit; and 
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a Second path arranged in parallel with Said first path, for 

outputting the electrical Signal output from the same 
photoelectric conversion pixel as that whose electrical 
Signal is output to Said first path, to Said read-out units 
not through Said operation unit, 

wherein each of the electrical Signal output from Said first 
path and the electrical signal output from Said Second 
path are Selectively read out to Said common output line 
through a common one of Said read-out units. 

15. A device according to claim 14, wherein said two 
Signals are an addition Signal of the electrical Signal corre 
sponding to the optical Signal and a noise Signal, and the 
noise Signal. 

16. A device according to claim 15, wherein Said opera 
tion unit is a clamp circuit. 

17. A Solid-State image pickup device on a chip, compris 
ing: 

a plurality of photoelectric conversion pixels, each for 
converting an optical Signal into an electrical Signal; 

a plurality of read-out units adapted to read out the electric 
Signal from each of Said plurality of photoelectric 
conversion pixels to a common output line; 

an operation unit adapted to perform an operation among 
outputs of at least two of Said plurality of photoelectric 
conversion pixels, 

a first path for outputting the electrical Signal output from 
each of Said photoelectric conversion pixels to Said 
read-out units through said operation unit; and 

a Second path arranged in parallel with Said first path, for 
outputting the electrical Signal output from the same 
photoelectric conversion pixel as that whose electrical 
Signal is output to Said first path, to Said read-out unit 
not through Said operation unit, 

wherein each of the electrical Signal output from Said first 
path and the electrical signal output from Said Second 
path are Selectively read out to Said common output line 
through a common one of Said read out units. 

18. A device according to claim 17, wherein Said opera 
tion unit performs addition of the outputs of Said at least two 
photoelectric conversion pixels. 

19. A device according to claim 18, wherein said opera 
tion unit includes a connection device adapted to connect the 
outputs of Said at least two photoelectric conversion pixels 
to each other. 

20. A device according to claim 19, wherein Said connec 
tion device includes a MOS transistor. 

21. A device according to claim 17, wherein Said opera 
tion unit performs processing for outputting the maximum or 
minimum value of Said at least two photoelectric conversion 
pixels. 

22. A device according to claim 17, wherein Said opera 
tion unit is connected to the outputs of Said at least two 
photoelectric conversion pixels. 

23. A device according to claim 17, wherein Said opera 
tion unit is connected to the outputs of Said at least two 
photoelectric conversion pixels through block buffer ele 
ment. 

24. A Solid-State image pickup apparatus on a chip, 
comprising: 

a plurality of photoelectric conversion pixels, each for 
converting optical Signals into electrical Signals, 

a plurality of readout units adapted to read out the 
electrical Signals from each of Said plurality of photo 
electric conversion pixels to a common output line; 

a first processing unit adapted to perform first processing 
on the electrical Signals output from Said plurality of 
photoelectric conversion pixels, 
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a Second processing unit adapted to perform Second 
processing different from the first processing on the 
electrical signals output from Said plurality of photo 
electric conversion pixels, 

a first path for outputting the electrical signal output from 
each of Said plurality of photoelectric conversion pixels 
through Said first processing unit; and 

a Second path arranged in parallel with Said first path, for 
outputting the electrical Signal from each of Said plu 
rality of photoelectric conversion pixels to Said readout 
units through Said Second processing unit, 

wherein the electrical Signal output from Said first path 
and the electrical signal output from Said Second path 
are each Selectively read out to Said common output 
line though a common one of Said readout units. 

25. A Solid-State image pickup device comprising: 
a plurality of photoelectric conversion pixels each for 

generating a photoelectrical signal, each photoelectric 
conversion pixel including a first respective amplifier 
transistor for amplifying the photoelectrical Signal and 
outputting the amplified signal; 

a plurality of common connection portions for connecting 
in common main electrodes of the first amplifier tran 
Sistors included respectively in Said plurality of pho 
toelectric conversion pixels on the units of a predeter 
mined number of photoelectric conversion pixels, to 
output maximums and minimums of the photoelectrical 
Signals on the units of Said predetermined number of 
photoelectric conversion pixels, 

a plurality of Second amplifier transistors having control 
electrodes that are connected to Said plurality of com 
mon connection portions respectively, and being 
arranged to output a maximum and minimum of the 
maximum and minimums output from Said plurality of 
common connection portions, 

a common output line for connecting in common main 
electrodes of Said plurality of Second amplifier transis 
tors, and 

a Subtraction unit adapted to perform a Subtraction 
operation, formed between (1) said main electrodes of 
Said first amplifier transistors and (2) said control 
electrodes of Said Second amplifier transistors. 

26. A device according to claim 25, wherein said first 
amplifier transistor amplifies the photoelectrical Signal and 
outputs the amplified Signal from a control electrode to the 
main electrode. 

27. A device according to claim 25, wherein Said Subtrac 
tion unit includes a clamp circuit. 

28. An image pickup apparatus comprising: 
a Solid-State image pickup element on a chip, including: 

a plurality of photoelectric conversion pixels, 
a plurality of readout units adapted to read out a signal 
from each of Said plurality of photoelectric conver 
Sion pixels to a common output line; 

pre-process circuitry adapted to pre-process signals 
from Said plurality of photoelectric conversion pix 
els, 

a first path for outputting the Signal output from a first 
photoelectric conversion pixel included in Said plu 
rality of photoelectric conversion pixels to a first 
readout unit included in Said plurality of readout 
units through Said pre-process circuitry; 

a Second path arranged in parallel with Said first path, 
for outputting the Signal output from the first pho 
toelectric conversion pixel to Said first readout unit 
through the common output line; 
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a Scanning circuit, and 
a pulse output circuit adapted to output a pulse to Said 

Scanning circuit. 
29. An apparatus according to claim 28, wherein Said 

pre-process circuitry comprises a clamping circuit. 
30. An apparatus according to claim 28, wherein Said 

pre-process circuitry includes a mixing circuit adapted to 
mix a plurality of Signals. 

31. An apparatus according to claim 30, wherein Said 
mixing circuit mixes the Signals from Said plurality of 
photoelectric conversion pixels. 

32. An apparatus according to claim 28, wherein Said 
pre-process circuitry includes a differential circuit adapted to 
perform a differential processing on a plurality of Signals. 

33. An image pickup apparatus comprising: 
a Solid-State image pickup clement on a chip, including: 

a plurality of photoelectric conversion pixels, 
a plurality of readout units adapted to read out a signal 
from each of Said plurality of photoelectric conver 
Sion pixels to a common output line; 

a first processing unit adapted to perform first process 
ing on the Signals output from Said plurality of 
photoelectric conversion pixels, 

a Second processing unit adapted to perform Second 
processing different from the first processing on the 
Signals output from Said plurality of photoelectric 
conversion pixels; 

a first path for outputting the Signal output from a first 
photoelectric conversion pixel included in Said plu 
rality of photoelectric conversion pixels to a first 
readout unit included in Said plurality of readout 
units through Said first processing unit; 

a second path arranged in parallel with said first path, 
for outputting the same Signal output from the first 
photoelectric conversion pixel to Said first readout 
unit though Said Second processing unit; 

a Scanning circuit, and 
a pulse output circuit adapted to output a pulse to Said 

Scanning circuit. 
34. An apparatus according to claim 33, wherein Said first 

processing unit includes a clamp circuit. 
35. An apparatus according to claim 33, wherein Said first 

processing circuit include a mixing circuit adapted to mix a 
plurality of Signals. 

36. An apparatus according to claim 35, wherein Said 
mixing circuit mixes the Signals from Said plurality of 
photoelectric conversion pixels. 

37. An apparatus according to claim 33, wherein Said first 
processing circuit includes a differential circuit adapted to 
perform a differential processing on a plurality of Signals. 

38. A driving method for a Solid-State image pickup 
element on a chip that comprises a plurality of photoelectric 
conversion pixels, a plurality of readout units adapted to 
read out a signal from each of the plurality of photoelectric 
conversion pixels to a common output line, and a pre 
process circuit adapted to pre-proceSS Signals from the 
plurality of photoelectric conversion pixels, Said method 
comprising the Steps of: 

outputting a Signal output from a first photoelectric con 
Version pixel included in the plurality of photoelectric 
conversion pixels to a first readout unit included in the 
plurality of readout units through a first path including 
the pre-process circuit; 

outputting the Signal output from the first photoelectric 
conversion pixel to the first readout unit through a 
Second path being arranged in parallel with the first 
path not including the pre-process circuit; and 
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Selectively transferring the Signal from the first path and 
the Signal from Said Second path to the first readout 
unit. 

39. A method according to claim 38, wherein the pre 
process circuit includes a clamp circuit. 

40. A method according to claim 38, wherein the pre 
process circuit includes a mixing circuit adapted to mix a 
plurality of Signals. 

41. A method according to claim 40, wherein the mixing 
circuit mixes the Signals, from the plurality of photoelectric 
conversion pixels. 

42. A method according to claim 38, wherein the pre 
process circuit includes a differential circuit adapted to 
perform a differential processing on a plurality of Signals. 

43. A driving method for a Solid-State image pickup 
element on a chip that comprises a plurality of photoelectric 
conversion pixels, a plurality of readout units adapted to 
read out a signal from each of the plurality of photoelectric 
conversion pixels to a common output line, a first processing 
circuit adapted to perform a first processing on Signals from 
the photoelectric conversion pixels, and a Second processing 
circuit adapted to perform a Second processing different 
from the first processing on the Signals from the plurality of 
photoelectric conversion pixels, said method comprising the 
Steps of: 
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outputting a Signal output from a first photoelectric con 

Version pixel included in the plurality of photoelectric 
conversion pixels to a first readout unit included in the 
plurality of readout units through a first path including 
the first processing circuit; 

outputting the Signal output from the first photoelectric 
conversion pixel to the first readout unit through a 
Second path arranged in parallel with the first path and 
including the Second processing circuit; and 

Selectively transferring the Signal from the first path and 
the Signal from the Second path to the first readout unit. 

44. A method according to claim 43, wherein the first 
processing circuit includes a clamp circuit. 

45. A method according to claim 43, wherein the first 
processing circuit includes a mixing circuit adapted to mix 
a plurality of Signals. 

46. A method according to claim 45, wherein the mixing 
circuit mixes the Signals from the plurality of photoelectric 
conversion pixels. 

47. A method according to claim 43, wherein the first 
processing circuit includes a differential circuit adapted to 
perform a differential processing on a plurality of Signals. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,657,664 B2 Page 1 of 2 
DATED : December 2, 2003 
INVENTOR(S) : Isamu Ueno 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 7 
Line 54, "capacitances 32-1, 32-2” should read -- capacitances 36-1, 36-2. --. 

Column 9 
Line 31, “following should read -- following, --, 
Line 39, “pro-process” should read -- pre-process --, and 
Line 64, "pro-processed” should read -- pre-processed --. 

Column 12 
Lines 57 and 59, “is' Should read -- are --, and 
Line 61, “out the Should read -- out to the --. 

Column 15 
Line 27, “pulses” should read -- pulse --. 

Column 16 
Lines 27 and 32, “electric' Should read -- electrical --; 
Line 28, “signal” should read -- signals --; 
Line 46, “Solid State' Should read -- Solid-State --. 

Column 19 
Line 5, “output' should be deleted; 
Line 15, “though” should read -- through --. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,657,664 B2 Page 2 of 2 
DATED : December 2, 2003 
INVENTOR(S) : Isamu Ueno 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 20 
Line 15, “clement Should read -- element -- 
Line 35, “though” should read -- through --; and 
Line 44, “include Should read -- includes --. 

Signed and Sealed this 

Thirteenth Day of July, 2004 

WDJ 
JON W. DUDAS 

Acting Director of the United States Patent and Trademark Office 


